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ABSTRACT  
 
SrAl2O4:Eu,Dy is a very efficient long afterglow phosphor with wide range of possible applications. The lumi-nescence 
properties and the possible luminescence mechanism of this material have been studied extensively, but there is almost no 
information available about the undoped material. Therefore, this article deals with the luminescence and thermally stimulated 
luminescence of an undoped SrAl2O4, revealing the possible defects that might be involved in the creation of the long 
afterglow in doped material. We conclude that undoped material exhibits some luminescence under X-ray irradiation in low 
temperature; close to room temperatures lumines-cence is almost fully thermally quenched in comparison to low temperatures. 
We can observe F and F2 center luminescence as well as trace metal luminescence in the emission spectrum. TSL glow curve 
yields the peaks that are close to those observed in material with Eu and Dy doping; therefore these peaks are clearly related to 
intrinsic defects. The peak at around 400 K, that is shifting with rare earth doping, might be due to dopant interaction with 
intrinsic defects.  
 
 
 
 
1. Introduction 
 
The alkali-earth aluminates doped with Eu and some other rare earth as a 
co-dopant, for example, SrAl2O4: Eu, Dy, exhibit a very strong and long 
lasting luminescence. At least the 18 Eu doped compounds are known as long 
lasting (persistent) luminescence materials [1]. The lu-minescence from these 
materials covers blue to red region of visible spectrum, making them a very 
popular research subject during the last decade [1], [2]. There have been many 
different opinions on the me-chanism governing the persistent luminescence 
in this material group [2–6], but the common opinion is that electrons are 
promoted from the occupied 4f levels of Eu
2+
 to the empty 5 d levels located 
near to conduction band or even in the conduction band and some are then 
trapped at the intrinsic defect levels located in close proximity of the photo-
generated Eu
3+
 cations. The characteristic luminescence of Eu
2+
 is then 
observed after the thermally assisted migration [2] or tunneling of the electron 
[6] to the luminescence center. That implies that there are some intrinsic 
defect levels in the material and these defects should also be present in 
undoped material. 
 
Surprising is the lack of trustable information that can be found in 
literature about the luminescence of undoped SrAl2O4, that might be helpful 
in acknowledging the defects that participate in the long lasting luminescence 
process of the activated material. Most articles do not deal with the undoped 
material at all. There are several articles that report no detectable 
luminescence from the undoped material under UV 
 
 
 
 
 
excitation [7], [8]. Some other articles describe a broad band emission with 
maximum at about 450 nm [9]. In one article sharp lines in the 
photoluminescence spectrum were observed [10], not characteristic for a solid 
material intrinsic defects, it seems the source of these lines might be some 
trace amount of transition metals or rare earths present in the material. As for 
different excitation sources - a broad, possibly complex, band luminescence 
revealing 450 and 500 nm maxima has been re-ported under X-ray irradiation 
[11] [12], that in our opinion could be the luminescence of SrAl2O4 intrinsic 
defects, however these bands are close to those known for Eu
2+
 in this 
material. Also, thermally stimu-lated luminescence (TSL) of an undoped 
SrAl2O4 after excitation with electrons has been reported in Ref. [13], 
although the spectrum of the luminescence within glow peak has not been 
published, leaving a question – what kind of luminescence was detected and 
what defects might be present in the material to act as trapping as well as re-
combination centers. To deal with these unclarities and ambiguities, we have 
conducted a study on the luminescence of the undoped SrAl2O4 with different 
excitation sources and under different temperatures. 
 
 
2. Experimental 
 
Strontium nitrate (Sr(NO3)2, purity 98%, Sigma Aldrich), aluminum 
nitrate nonahydrate (Al(NO3)3·9H2O, purity 99,6%, VWR Prolabo 
Chemicals) were used as the starting materials. Urea (NH2CONH2, purity 
99,5%, Sigma Aldrich) was used as a chelating and a complexing 
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agent. Analytical grade chemicals were used without any further pur-ification. 
In the present work, non-doped SrAl2O4 was synthesized by sol-gel method. 
The appropriate amount of Sr(NO3)2 and Al (NO3)3·9H2O were dissolved in 
deionized water. After the Sr(NO3)2 and the Al(NO3)3·9H2O were dissolved 
completely, an appropriate amount of urea was added to the solution (the 
molar ration of all metals ions and urea was 1:20, respectively). Also an 
appropriate amount of deio-nized water was added so the molar concentration 
of all metals ions in the solution would be 0.2 M. Then this mixture was 
heated at 90 °C until white gel was formed. When the gel consistence was 
obtained, then this gel was heated at 400 °C in an open oven for 2 h for nitric 
oxides elimination and white powder was obtained. After synthesis, obtained 
sample was calcined at 1200 °C for 2 h and white powders were ob-tained. 
The structure of non-doped strontium aluminate sample after heat treatment 
was characterized by X-ray powder diffraction (XRD, PANalytical X'Pert Pro 
diffractometer) using a cathode voltage of 45 kV and current of 40 mA with 
Cu Kα radiation (1.5418 Å ). The estimated grain size from the XRD data was 
30 nm. 
 
Photoluminescence excitation was carried out with optical para-metric 
oscillator pulsed NT342/3UV EKSPLA laser (pulse length ∼ 5 ns, repetition 
frequency 10 Hz). The samples were cooled down using Janis closed cycle 
refrigerator CCS-100 operating within temperature range ∼9–325 K. The 
Lake Shore 331 Temperature controller was used for temperature control as 
well as for sample heating (6 deg/min) during thermally stimulated 
luminescence (TSL) measurements up to 320 K. A self-made heating 
equipment was used for TSL measurements within 295–650 K. 
Luminescence spectra were recorded using Andor Shamrock B303-I 
spectrometer. The integration time was set 1 ms for each spectrum recording. 
For radioluminescence measurements as well as for trap filling before TSL 
measurements the excitation source was X-ray tube with W target. The 
voltage of tube can be varied within 14kV-35kV and the current within 1–15 
mA range, thus providing variable X-ray energy and intensity. The voltage 
and current were set 30 kV and 10 mA for radioluminescence spectra 
recording, as well as for trap filling for TSL measurements. 
 
 
3. Results and discussion 
 
3.1. Sample characteristics 
 
The analysis of obtained XRD patterns of SrAl2O4 powder (Fig. 1) and 
the comparison of these XRD patterns with data from International Center for 
Diffraction Data (ICDD) Inorganic Crystal Structure Database [00-034-0379] 
confirms the dominant phase of the sample is 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Photoluminescence spectra at 10 K under different excitation wave-lengths. 
 
 
monoclinic SrAl2O4, and other phases, if present, are under the limits of 
detection. 
 
3.2. Luminescence of SrAl2O4 
 
We recorded SrAl2O4 luminescence spectra at different tempera-tures. 
Fig. 2 shows photoluminescence spectra of the undoped sample under two 
different wavelengths laser excitation at 10 K temperature. Although the 
luminiscence is not strong, there is a clearly distinguish-able shape consisting 
of two bands peaking at 2.43 eV and 2.85 eV (510 and 435 nm) under 219 nm 
excitation and a 652 nm peak under 311 nm excitation. This narrow line 
probably is emission from Mn
4+
 since in Ref. [14] is shown that these 
transient metal ions in SrAl2O4 poly-morphs are responsible for lines within 
652–657 nm. As mentioned in Ref. [14], traces of transition metals are 
present even in material that has been synthesized from high purity grade 
precursor materials.  
In search of the defects that are responsible for bands at 510 nm and 435 
nm, we checked the available information on defect luminescence in Al2O3. 
The luminescence of F – centers in pure α - Al2O3 is at ∼440 nm (2.8 eV) 
[15–17], in turn the luminescence of F2 – centers is at 517 nm (2.4 eV) [18]. 
Important is the F2 – centers luminescence band position is found the very 
close, even the same in both α - Al2O3 and γ - Al2O3 [19,20] showing weak 
influence from the structure. There is a strong possibility, that in the SrAl2O4 
material these defects might  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The X – ray diffraction pattern of undoped SrAl2O4, the data base pattern is shown underneath the experimental data. 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Excitation spectra in two maxima of emission. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Emission spectra during TSL measurement at 100, 252 and 420 K. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. X-ray induced luminescence at different temperatures (10–300 K).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. TSL measurement at 790 nm (two measurements: 10–300 K and 300–700 K). 
 
 
be present as well and the F – centers and F2 – centers could be re-sponsible 
for luminescence bands peaking at 440 nm and 510 nm.  
The photoluminescence intensity at RT is low and equipment used was 
not sensitive enough for spectrum recording.  
The excitation spectrum of photoluminescence (Fig. 3) shows ex-citation 
energies within 3.8–5.9 eV (∼330–210 nm). These energies are well below 
the band gap of SrAl2O4 matrix. The band gap of SrAl2O4 is 
 
estimated to be around 6.6 eV [21], meaning that under laser excitation 
electron – hole pairs over the band gap were not created – therefore we can 
assume the presence of some defect levels in the band gap. Un-fortunately, 
our equipment limits photoluminescence excitation spectra recording at 
wavelengths above 340 nm.  
The 652 nm narrow band luminescence excitation peak close to the 325 
nm could be related to Mn
4+
 excitation [14] The two excitation peaks at ∼230 
nm and ∼246 nm are common for the broad lumines-cence band at 500 nm 
and for the narrow band at 652 nm. Since the F – centers are probably 
responsible for the broad band luminescence and Mn
4+
 - for the narrow band 
at 652 nm, the same excitation bands for both exclude the direct excitation of 
these centers, we can assume that energy transfer takes place. The possible 
hypothesis would be as fol-lows. The initial step of excitation could be the 
charge transfer between oxygen and F – or F2 – center (excitation band 
peaking at ∼229 nm), similar to that described for α- Al2O3 by Surdo et al. 
[15]. The other excitation band peaking at ∼246 nm possibly is of the same 
nature, since both F - and F2 – centers could be involved. The step where 
energy is transferred to Mn
4+
 needs a separate study. Therefore the photo-
luminescence spectra and corresponding excitation spectra show the intrinsic 
defects and trace impurity is present in SrAl2O4 sample. It will be noted the F 
- type centers can act as electron as well as hole traps. The study of charge 
traps in SrAl2O4:Eu,Dy by Botterman et al. [22] showed that traps in vicinity 
of Eu ion are deeper than those at lager separation and it is possible that 
interaction of F-type centers with dopant ion changes the trap depth. Thus the 
incorporation of dopant somewhat is related to defects in the host. Therefore 
we propose the intrinsic defects are presented in rare earth doped SrAl2O4 
also and incorporation of Eu
3+
 as well as followed reduction to Eu
2+
 can 
strongly depend on presence of F type centers. 
 
The luminescence spectra under X – ray excitation differ from those under 
photo excitation. The main differences are in the longer wave-length region of 
the spectra and in the luminescence intensity. Under X-ray irradiation the 
luminescence spectrum at 10 K is more intense than that of 
photoluminescence and it was possible record the spectra at different 
temperatures (Fig. 4). There are clearly distinguishable maxima at 440 and 
510 nm (similar that those in photoluminescence under laser 219 nm 
excitation) that decrease in intensity due to thermal quenching at RT. The 
wide and intense luminescence band at low temperatures was recorded within 
650 nm–900 nm. This band quenches at RT; however, above 150 K a narrow 
band at 692 nm and a side band at 713 nm is revealed. 
 
The relative narrow luminescence bands of Cr
3+
 are known to be within 
650–850 nm for several aluminates as well as for Al2O4 [22–29]. Therefore 
the narrow bands recorded at 692 nm and 713 nm under X-ray irradiation are 
due to spin-forbidden 
2
E – 
4
A2 transition in Cr
3+
, at 
 
 
 
low temperature these narrow bands are strongly overlapped with more 
intense 790 nm band. The Cr usually present in aluminum, therefore Cr can 
be incorporated in SrAl2O4 from Al(NO3)3·9H2O that is used as the raw 
material in synthesis. The 790 nm band might also be attributed to Cr 
luminescence and this consideration is based on fact that in alkaline earth 
aluminate crystals Cr
3+
 ion substitutes two different crystal-lographic sites if 
substituting for Sr
2+
 [30], and also can substitute Al
3+
, as the ionic radii of all 
the ions are quite similar. Therefore the X – ray excited luminescence 
confirms the presence of intrinsic defects re-sponsible for overlapping bands 
between ∼350 and 600 nm as well as presence of trace impurities in undoped 
SrAl2O4.  
The electron – hole pairs were created in SrAl2O4 under X – ray 
irradiation and at low temperatures these charge carriers could be trapped, 
thus the TSL measurements were conducted. The TSL curves show a well 
resolved maximum at 100 K, that appears also in the SrAl2O4: Eu, Dy and 
SrAl2O4: Dy material [31]. This can be attributed to the electrons release 
from intrinsic defects of the SrAl2O4 crystal. The weak glow peak was at 
∼260 K, at the same temperature the glow peak is in the rare earth doped 
SrAl2O4 [31]. The third well resolved peak is located above RT at around 400 
K. This is also visible in the Eu and Dy doped material [31,32], although this 
peak is slightly shifted to lower temperatures when adding the dopants. As 
glow peaks at the similar temperatures were observed in rare earth doped and 
undoped SrAl2O\4, we would like to state that the defects that act as trapping 
centers in the long lasting luminescence of SrAl2O4: Eu, Dy are intrinsic 
defects nearby to dopant, not the dopant impurities directly. The Dy co-
doping clearly shifts the TLS peak at 400 K to lower temperature [31], sug-
gesting that intrinsic defects could be perturbed by dopant or by trace 
impurities, thus contributing to more intensive afterglow. 
 
Also, it is possible to see that the 790 nm peak exhibits an afterglow at 
low temperatures (Fig. 5). We have already stated in our former studies, that 
tunneling luminescence is present in SrAl2O4 and this afterglow of Cr
3+
 
might also be related to creation of excited Cr
3+
 via electron tunneling. 
 
When analyzing TSL spectra at different temperatures (Fig. 6), we can 
observe different spectra – and all of them might be explained with Cr and 
intrinsic defect luminescence. The spectrum recorded within 100 K glow peak 
reveals three broad luminescence bands peaking at  
780 nm, 660 nm and around 500 nm. The long wavelength band is from 
Cr
3+
spin-allowed transition 
4
T2 – 
4
A2 and 
4
T2 – 
4
A1 [27,28], the band  
at ∼660 nm might be due to Cr
3+ 4
T2 – 
4
A1 transition, however other origin 
of this band cannot be excluded. The luminescence band peaking around 500 
nm seems complex one however a good deconvolution on the components 
was not possible due to the strong overlap with the 660 nm band. As the 
luminescence band around 500 nm covers the same spectral range as X-ray 
induced luminescence bands of F – and F2  
– centers (Fig. 4) it could be that luminescence band around 500 nm is 
emerging from F – type centers. The support for this assumption is that F – 
centers luminescence was not quenched at 100 K (Fig. 4). As men-tioned 
above the relatively narrow Cr
3+
 luminescence bands were overlapped with 
strong band peaking at 790 nm. This 790 nm band partially undergoes 
quenching at RT, and the narrow Cr
3+
 bands be-came dominant (Fig. 4). 
Within glow curve peaking at ∼260 K the before mentioned narrow Cr
3+
 
luminescence bands are also dominant (Fig. 6). The origin of luminescence 
band peaking at ∼590 nm is un-clear. Thus the narrow Cr
3+
 bands in TSL 
spectra above 150 K are dominant and origin of this luminescence is the 
electron recombination with Cr
4+
. The spectrum above RT (420 K) shows 
similar features as the 252 K spectrum – with the Cr
3+
 emission as the 
dominant peak. 
 
4. Conclusions 
 
The analysis of luminescence is a helpful tool to understand the long 
lasting luminescence processes in Eu and Dy doped material. We report  
a clearly distinguishable luminescence of undoped SrAl2O4 material under 
X-ray excitation up to RT. The luminescence of undoped SrAl2O4 
 
 
consists of two main parts – trace impurity metals, namely, Mn
4+
 and Cr
3+
 
luminescence, and intrinsic defects luminescence – F - centers and F2 - 
centers. The intensities of broad bands of this luminescence are low at RT due 
to partial quenching and narrow luminescence bands of Cr
3+
 became 
dominant. There is a strong possibility, that in the rare earth doped SrAl2O4 
material these defects might be present as well and we propose that the 
presence of these defects is stimulating the Eu
3+
 ion incorporation. TSL 
shows two strong glow peaks – a peak under RT at ∼100 K, emerging from 
intrinsic defects of the SrAl2O4 crystal and this peak also present in the doped 
materials, as well as a peak above RT at ∼420 K, that might be attributed to 
the defects perturbed by trace impurities, and it is also present in the doped 
material, but its position depends on the dopant incorporation. 
 
Acknowledgements 
 
This research project was supported financially by ERDF Project No:  
Nr.1.1.1.1/16/A/182. 
 
References 
 
[1] K. Van den Eeckhout, P.F. Smet, D. Poelman, Persistent luminescence in Eu
2+
-Doped 
compounds: a review, Materials (Basel) 3 (no. 4) (Apr. 2010) 2536–2566, 
http://dx.doi.org/10.3390/ma3042536.  
[2] F. Clabau, X. Rocquefelte, S. Jobic, P. Deniard, M.-H. Whangbo, A. Garcia, T. Le 
Mercier, On the phosphorescence mechanism in SrAl2O4:Eu
2+
 and its codoped 
derivatives, Solid State Sci. 9 (2007) 608–612, http://dx.doi.org/10.1016/j. 
solidstatesciences.2007.03.020.  
[3] T. Aitasalo, J. Holsa, M. Lastusaari, H. Jungner, J. Niittykoski, Mechanisms of persistent 
luminescence in Eu
2+
,RE
3+
 doped alkaline earth aluminates, J. Lumin. 94–95 (2001) 59–
63, http://dx.doi.org/10.1016/S0022-2313(01)00279-4.  
[4] P. Dorenbos, Mechanism of persistent luminescence in Eu
2+
 and Dy
3+
 codoped 
aluminate and silicate compounds, J. Electrochem. Soc. 152 (no. 7) (2005) H107, 
http://dx.doi.org/10.1149/1.1926652.  
[5] F. Clabau, X. Rocquefelte, S. Jobic, P. Deniard, M.-H. Whangbo, A. Garcia, T. Le 
Mercier, Mechanism of phosphorescence appropriate for the long-lasting phosphors Eu
2+
 
-doped SrAl2O4 with codopants Dy
3+
 and B
3+
, Chem. Mater. 17 (2005) 3904–3912, 
http://dx.doi.org/10.1021/cm050763r.  
[6] V. Liepina, D. Millers, K. Smits, Tunneling luminescence in long lasting afterglow of 
SrAl2O4:Eu,Dy, J. Lumin. 185 (2017) 151–154, http://dx.doi.org/10.1016/j.jlumin. 
2017.01.011.  
[7] H. Terraschke, M. Suta, M. Adlung, S. Mammadova, N. Musayeva, R. Jabbarov, M. 
Nazarov, C. Wickleder, SrAl2O4:Eu
2+
, Dy
3+
 nanosized Particles : synthesis and 
interpretation of temperature-dependent optical properties, J. Spectrosc. (2015), 
http://dx.doi.org/10.1155/2015/541958.  
[8] C. dos S. Bezerra, A.B. Andrade, P.J.R. Montes, M.V. do S. Rezende, M.E.G. Valerio, 
The effects of cooling rate on the structure and luminescent properties of undoped and 
doped SrAl2O4 phosphors, Opt. Mater. (Amst). 72 (2017) 71–77, http://dx.doi. 
org/10.1016/j.optmat.2017.05.044.  
[9] B. Di Bartolo, X. Chen, Advances in energy transfer processes, Proceedings of the 16th 
Course of the International School of Atomic and Molecular Spectroscopy, 1999. 
 
[10] P. Yang, M.K. Lu, C.F. Song, S.W. Liu, D. Xu, D.R. Yuan, X.F. Cheng, Preparation and 
tunable photoluminescence characteristics of Ni
2+
:SrAl2O4, Opt. Mater. (Amst). 24 
(2003) 575–580, http://dx.doi.org/10.1016/S0925-3467(03)00147-2. 
[11] D. Nakauchi, G. Okada, M. Koshimizu, T. Yanagida, Storage luminescence and 
scintillation properties of Eu-doped SrAl2O4 crystals, J. Lumin. 176 (2016)  
342–346, http://dx.doi.org/10.1016/j.jlumin.2016.04.008.  
[12] D. Nakauchi, G. Okada, M. Koshimizu, T. Yanagida, Optical and scintillation properties 
of Nd-doped SrAl2O4 crystals, J. Rare Earths 34 (no. 8) (2016) 757–762, 
http://dx.doi.org/10.1016/S1002-0721(16)60090-Xv. 
[13] M. Ayvacıklı, A. Ege, N. Can, Radioluminescence of SrAl2O4 ;: Ln
3+
 ( ln = Eu, Sm, Dy ) 
phosphor ceramic, Opt. Mater. (Amst) 34 (2011) 138–142, http://dx.doi.org/ 
10.1016/j.optmat.2011.07.023.  
[14] P. Boutinaud, D. Boyer, A. Perthue, R. Mahiou, E. Cavalli, M.G. Brik, Spectroscopic 
investigations of SrAl2O4 polymorphs, J. Lumin. 159 (2015) 158–165, http://dx. 
doi.org/10.1016/j.jlumin.2014.11.006.  
[15] A.I. Surdo, V.S. Kortov, V.A. Pustovarov, Luminescence of F and F+ centers in 
corundum upon excitation in the interval from 4 to 40 eV, Radiat. Meas. 33 (2001) 587–
591, http://dx.doi.org/10.1016/S1350-4487(01)00064-6. 
[16] M. Luca, N. Coron, C. Djuardin, H. Kraus, V.B. Mikhailik, M.A. Verdier, P.C.F. Di 
Stefano, Scintillating and optical spectroscopy of Al2O3:Ti for dark matter searches, 
Nucl. Instrum. Meth. Phys. Res. A 606 (2009) 545–551, http://dx.doi.org/10.1016/ 
j.nima.2009.04.034.  
[17] J. Valbis, N. Itoh, Electronic excitations, luminescence and lattice defect formation in α-
Al2O3 crystals, Radiat. Eff. Defect Solid 116 (1991) 171–189, http://dx.doi. 
org/10.1080/10420159108221357. 
[18] M. Itou, A. Fujivara, T. Uchino, Reversible photoinduced interconversation of color 
centers in α - Al2O3 prepared under vacuum, J. Phys. Chem. C 113 (2009) 
  
20949–20957, http://dx.doi.org/10.1021/jp908417m.  
[19] B.D. Evans, G.J. Pogatshnik, Y. Chen, Optical properties of lattice defects in α-Al2O3, 
Nucl. Instrum. Methods Phys. B 91 (1994) 258–262, http://dx.doi.org/10. 1016/0168-
583X(94)96227-8.  
[20] M. Baronskiy, A. Rastorguev, A. Zhuzhgov, A. Kostyukov, O. Krivoruchko,  
V. Snytnikov, Photoluminescence and Raman spectroscopy studies of low-tem-
perature γ-Al2O3 phases synthesized from different precursors, Opt. Mater. 53 (2016) 
87–93, http://dx.doi.org/10.1016/j.optmat.2016.01.029. 
[21] J. Holsa, T. Laamanen, M. Lastusaari, J. Niittykoski, P. Novak, Electronic structure of the 
SrAl2O4:Eu
2+
 persistent luminescence material, J. Rare Earths 27 (2009) 550–554, 
http://dx.doi.org/10.1016/S1002-0721(08)60286-0.  
[22] J. Botterman, J.J. Joos, P.F. Smet, Trapping and detrapping in SrAl2O4:Eu,Dy per-sistent 
phosphors: influence of excitation wavelength and temperature, Phys. Rev. B 90 (2014), 
http://dx.doi.org/10.1103/PhysRevB.90.085147 pp. 085147–1 – 085147-15. 
 
[23] V. Singh, G. Sivaramaiah, J.L. Rao, S. Sripada, S.H. Kim, An electron paramagnetic 
resonance and optical study of Cr doped BaAl12O19 powders, Ceram. Int. 40 (2014) 
9629–9636, http://dx.doi.org/10.1016/j.ceramint.2014.02.043.  
[24] J. Križan, J. Možina, I. Bajsic, M. Mazaj, Synthesis and fluorescent properties of 
chromium-doped aluminate nanopowders, Acta Chim. Slov. 59 (2012) 163–168. 
[25] M.N. Trindade, R.M.F. Scalvi, L.V.A. Scalvi, Cr
3+
Distribution in Al1 and Al2 sitesof 
alexandrite (BeAl2O4:Cr
3+
) induced by annealing, investigated by optical spectro-scopy, 
Energy Power Eng. (2010) 18–24, http://dx.doi.org/10.4236/epe.2010. 
 
 
  
21004.  
[26] V.B. Mikhailik, P.C.F. Di Stefano, S. Henry, H. Kraus, A. Lynch, V. Tsybulskyi, M.A. 
Verdier, Studies ofconcentration dependence in the luminescence of Ti-doped Al2O3, J. 
Appl. Phys. 109 (2011), http://dx.doi.org/10.1063/1.3552943 pp. 053116–1 – 053116-6. 
 
[27] X. Li, G. Jiang, S. Zhou, X. Wei, Y. Chen, C.K. Duan, M. Yin, Luminescent properties of 
chromium(III)-doped aluminate for temperature sensing, Sensor. Actuator. B 202 (2014) 
1065–1069, http://dx.doi.org/10.1016/j.snb.2014.06.053.  
[28] A. Lopez, M.G. da Silva, E. Baggio-Saitovitch, A.R. Camara, R.N. Silveira Jr., 
R.J.M. da Fonseca, Luminescence of SrAl2O4:Cr
3+
, J. Mater. Sci. 43 (2008)  
464–468, http://dx.doi.org/10.1007/s10853-007-1954-6. 
[29] M.L. Staciu, M.G. Ciresan, N.M. Avram, Crystal field analysis of Cr
3+
 doped SrAl2O4 
spinel, Acta Phys. Pol., A 116 (2009) 544–546. 
[30] W. Strek, P. Dere, B. Jezowska-Trzebiatowska, Broad-band emission of Cr
3+
 in 
MgAl2O4 spinel, J. Phys. Colloq. 48 (C7) (1987) 475–477, http://dx.doi.org/10. 
1051/jphyscol:19877113.  
[31] V. Liepina, D. Millers, K. Smits, A. Zolotarjovs, I. Bite, X-ray excited luminescence of 
SrAl2O4 :Eu,Dy at low temperatures, J. Phys. Chem. Solid. 115 (2018) 381–385, 
http://dx.doi.org/10.1016/j.jpcs.2017.12.040.  
[32] T. Katsumata, R. Sakai, S. Komuro, T. Morikawa, Thermally stimulated and pho-
tostimulated luminescence from long duration phosphorescent SrAl2O4 :Eu,Dy crystals, 
J. Electrochem. Soc. 150 (5) (2003) H111–H114. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Institute of Solid State Physics, University of Latvia as the Center of Excellence has received funding from the European Union’s
Horizon 2020 Framework Programme H2020-WIDESPREAD-01-2016-2017-TeamingPhase2 under grant agreement No. 739508,
project CAMART²
